Though results have been mixed, there is evidence to suggest breastfeeding may protect against childhood obesity.
9 Different studies have reported that the protective effect of breastfeeding is confined to certain population subgroups, or modified by maternal or child characteristics, or due to residual confounding. [10] [11] [12] Nevertheless, it is useful to have observational studies evaluating the effect of breastfeeding on the risk of obesity in the presence of key pre-and postnatal factors to inform the design of strategies for intensive interventions.
The Canadian Health Measures Survey (CHMS) is a comprehensive nationally representative survey with information from biological mothers on pregnancy, birth and breastfeeding, and anthropometric measures and other factors for children aged 6 to 11. [13] [14] [15] Because decision making requires not only the strength of the association, but also the prevalence of exposure, this can be best provided by estimating population attributable risk fraction (PARF). The objectives of this study were to assess the independent effects of early-life factors of childhood obesity and the population health impact of potential interventions targeting these factors.
METHODS

Study design and study population
We used data from the CHMS cycle 1 (2007-2009 ), a complex, multistage sampling survey designed to collect data on self-reported and direct measures of health and wellness from a representative sample of approximately 5,600 Canadians aged 6 to 79 years. The CHMS covers approximately 96.3% of the Canadian population. Health Canada's Research Ethics Board reviewed and approved all processes and protocols for the CHMS. Informed consent was obtained from all participants. A household interview collected general demographic information and responses to an in-depth health questionnaire. A visit to a mobile examination centre (clinic) collected anthropometric measurements and blood and urine samples. Overall, the combined response rate was 51.7%. A detailed description of the survey can be found elsewhere. 16 The focus of this study was on children aged 6 to 11. The CHMS cycle 1 included 1,074 children in this age range. We excluded 35 children whose birth weight was not provided and 2 whose weight and height were not recorded. We also excluded 56 children considered to be pre-term births (gestational age <37 weeks), and 13 whose birth weight was <1500 g because their growth patterns and risk of obesity may differ from term-birth children. 17 Thus, a total of 968 children were included in the final analyses.
Perinatal and childhood behaviours and socio-economic factors
The child's biological parent (usually the mother) provided information on pregnancy, birth and breastfeeding. Birth information included maternal age at birth (defined as the age of a child's biological mother when the child was born and classified into three groups: 15-24, 25-35, and >35 years); child's weight at birth (in grams); number of days before or after the due date that the child was born. For those who smoked during the pregnancy, the average number of cigarettes smoked per day during the first, second and third trimester or throughout the pregnancy was collected. Duration and exclusiveness of the child's breastfeeding experience was categorized into one of three groups: exclusively breastfed for 6 months or longer; some breastfeeding; not breastfed at all. The child's physical activity level was determined by asking, "Over the past 7 days, on how many days was [the child] physically active for a total of at least 60 minutes per day?" Those who answered 4 days or more were considered physically active, and those who reported 3 days or less were classified as inactive. Sleep time refers to the number of hours usually spent sleeping in a 24-hour period. This measure was categorized into less than 8 hours, 8 to 10 hours, or more than 10 hours. Education level was based on the highest education level for the household (post-secondary degrees, secondary or less). Household income was classified into low/middle and high income groups, based on total income from all sources and the number of people living in a household. Two categories for ethnicity were used: Whites; and non-Whites, which included Aboriginals living off reserve.
Physical measures
During the clinic visit, standing height and weight were measured and used to calculate body mass index (BMI). Age-and sex-adjusted BMI z-scores (BMIZ) were developed based on World Health Organization (WHO) child growth standards for 5-19 year olds. 18 According to WHO, childhood obesity is defined as a BMIZ that is more than two standard deviations (SDs) above the mean (≈97.7 th percentile) and overweight is defined as a BMIZ between one and two SDs above the mean (≈84 th to 97.7 th percentile) of the standard population.
Statistical analyses
We compared the prevalence of normal weight, overweight and obesity by sample characteristics including sex, ethnicity, mother's age at birth, maternal smoking during pregnancy, breastfeeding experience, levels of physical activity, sleep time, household education and income. For continuous variables, mean age, mean birth weight, and mean BMI were compared according to weight status. Differences in percentages and means between groups were determined using t-tests. Statistical significance was defined as a p-value <0.05.
We assessed the association of childhood overweight and obesity with related variables using a logistic regression model. First, univariate analyses were performed. Second, multivariate analyses were performed that included all variables that were significantly (p<0.05) or borderline significantly (p<0.1) associated with over- weight or obesity in univariate analyses. Because birth weight may lie within the causal pathway between maternal smoking and childhood obesity, we analyzed multivariate model 1 without birth weight to estimate the total effect of maternal smoking on child obesity; model 2 examined how the inclusion of birth weight affected the above associations. The magnitude of any mediation effects was calculated with the formula:
. Based on previous research, an effect >10% was considered meaningful. 19 To test the hypothesis that any effect of breastfeeding on child obesity may be modified by maternal smoking, we stratified the analysis by mother's smoking status during pregnancy.
The PARFs for obesity and overweight were calculated to estimate the proportion of obesity or overweight in young children that could theoretically be prevented by eliminating a specific causal factor. Conventional unadjusted PARFs are easy to calculate, but may overestimate the preventable potential of risk factors. Thus, PARFs should be estimated using multivariate regression models adjusted for confounding factors. 20, 21 To assess PARFs of categorical variables for obesity, the expected number of obese children was predicted by summing up the predicted number of obese cases among children 1) unexposed to the risk factor of interest and 2) exposed to risk factor, but had it removed by setting it to zero in the multivariate regression models. The multivariate regression models contained the following predictors: child's age, sex, ethnicity, birth weight, maternal smoking in pregnancy, breastfeeding, child's physical activity, and duration of sleep. PARFs were calculated by applying the formula PARF = (observed no. of obese -expected no. of obese after removal of the exposure)/observed no. of obese. For continuous variables, such as birth weight, removal of exposure to large birth weight was estimated by setting individuals with large birth weight (>4000 g) to the mean birth weight of individuals with "normal" birth weight (≤4000 g), which was 3346 g in our sample. The same approach was used to calculate PARFs for overweight.
All estimates were obtained using sampling weights produced by Statistics Canada to account for design effect and non-response bias. Variance for means, proportions and coefficients of regression parameters was estimated using bootstrap method with 11 degrees of freedom, as recommended by Statistics Canada for cycle 1 of the CHMS. 22 The analyses were performed using SAS Enterprise Guide 4 (SAS Institute Inc., Cary, NC) and SUDAAN 10.0.1 (RTI International, Research Triangle Park, NC).
RESULTS
The characteristics of the children in this study are summarized in Table 1 . The prevalence of overweight and obesity was 21% (95% CI: 15.6-25.7) and 13% (95% CI: 10.1-15.9), respectively. Mean birth weight was 3471 g. Seventeen percent were exposed to maternal cigarette smoke in utero. Almost one half (46%) were exclusively breastfed for 6 months or longer. Only 20% were never breastfed at all. About 20% of children were from households without post-secondary degrees, 45% were from families with high income, and 76% were White. The majority (83%) were physically active, and 60% slept 10 hours or more daily.
Those children less likely to have normal weight were boys, children born to younger mothers (<25 years), children whose mothers smoked during pregnancy, and children born to parents with no post-secondary degree/diplomas. Children who were exclusively breastfed for at least 6 months, physically active, and usually receiving over 10 hours per day of sleep were less likely to be obese. Differences in demographics and perinatal and childhood characteristics by weight status are shown in Table 2 . Because neither household income nor education was associated with either overweight or obesity in univariate or multivariate analyses (Table 3) , they were not included in the final multivariate models summarized here. In the multivariate analyses (Model 1), maternal smoking (OR 2.26; 95% CI: 1.23-4.15) and being a boy increased the risk of obesity, whereas exclusive breastfeeding for 6 months (0.45; 0.32-0.63) was protective. As expected, mean birth weight was significantly lower for children whose mothers smoked during pregnancy (3334 g) than for those whose mothers did not (3498 g). As shown in model 2, adjustment for birth weight led to a 12% increase in the odds ratio for obesity with maternal smoking (2.41; 1.33-4.36). Every 100 g increase in birth weight was also positively and independently associated with a 5% increase in child obesity risk (1.05; 1.005-1.09). Among other findings, child's age increased and physical activity decreased the risk of being overweight. Being White and receiving adequate sleep time (>10 hrs) were of borderline significance, suggesting a lowered risk of obesity.
Only 17% of the children in our study were born to mothers who smoked during pregnancy. Consequently, we were only able to evaluate the impact of breastfeeding on weight status among children born to non-smoking mothers. After adjustment for child's age, sex, ethnicity, birth weight, household education and income, regular physical activity and sleep time, a dose-response relationship for breastfeeding with obesity emerged among children born to non-smoking mothers. Compared to children who were never breastfed, the risk of obesity was reduced by as much as 75% in children exclusively breastfed at least 6 months, and by 50% in children not exclusively breastfed (Table 4) .
Finally, we estimated the PARFs for key modifiable factors, including not exclusive breastfeeding or not breastfed (24.4%), maternal smoking during pregnancy (11.5%), short duration of sleep (<8 hrs; 11.3%) and large birth weight (>4000 g; 6.7%). A combined PARF for all four risk factors suggested 54% of obesity in children could be prevented by removing these risk factors (Table 5 ).
DISCUSSION
Rising rates of obesity and overweight in young children have increased efforts to identify early life risk and protective factors to guide early intervention practices. In a nationally representative sample of Canadian children aged 6 to 11 years, we found that one third were either overweight or obese. Our data confirm associations of multiple perinatal and childhood factors with obesity. Elevated risks for obesity were observed for maternal smoking during pregnancy, birth weight, being non-White and age, whereas exclusive breastfeeding, adequate sleep and being physically active were found to be protective. Birth weight partially mediates (suppression) the effect of maternal smoking on obesity. Among children whose mothers never smoked during pregnancy, breastfeeding, whether exclusive or not, further reduced obesity risk. With effective population health strategies that target modifiable factors of early life, 54% of child obesity may be prevented.
In this study, maternal smoking during pregnancy demonstrated a 2.4-fold increase in obesity risk, independent of birth weight. This result is in line with other studies across populations with markedly different demographic profiles and confounding structures, 7, 23 though the etiology underlying this relationship is not well understood. Several mechanisms have been proposed, such as nicotine exposure-related low birth weight and catch-up growth, alterations in appetite, mediation effects of reduced leptin and other hormones, or epigenetic changes related to intrauterine tobacco exposure. 7 Our study also demonstrated a partial mediating effect of birth weight in the relationship between maternal smoking and obesity. Our results support a suppression effect such that maternal smoking during pregnancy may, on one hand, increase the risk of child obesity (perhaps by one or more of the above mechanisms), and on the other hand, indirectly reduce the risk of obesity by decreasing birth weight. Our results also suggest that birth weight only partially mediates obesity risk related to maternal smoking during pregnancy; the majority of the association between intrauterine tobacco exposure and later obesity is still largely birth weight independent. 7, 24, 25 Apart from possible biological effects of maternal smoking on offspring's body weight, maternal smoking may be a strong marker for socio-economic inequalities and unfavourable environmental exposures as smokers and their children tend to have less healthy lifestyles. 7 Although household education and income were examined and found to be unrelated to child overweight and obesity risk, residual confounding related to unmeasured socio-economic status remains a concern. Smoking cessation during pregnancy is and should continue to be promoted, and prenatal and postnatal support for more disadvantaged mothers remains a priority.
The positive linear association between birth weight and obesity observed in this study is consistent with the study of Reilly et al., who reported, in a longitudinal birth cohort, that every 100 g increase in birth weight was associated with an increased prevalence of obesity (OR 1.05; 95% CI: 1.03-1.38). 26 In Canada, mean birth weight for term-birth has increased for several decades, and this increase was thought largely the result of a rise in maternal prepregnancy obesity, gestational weight gain and gestational diabetes. 27 While preterm birth and very low birth weight are important public health concerns, in the era of the childhood obesity epidemic, maternal health providers should pay more attention to these maternal factors to prevent larger increases in the weight of infants born at or after term.
Another important finding in this study was the significant protective effect of exclusive breastfeeding on childhood obesity among children whose mothers did not smoke during pregnancy. We also observed that this protective effect extended to children who were not exclusively breastfed. This dose-response relationship is particularly meaningful because it helps to clarify the importance of this relationship once potential environmental and socio-economic influences commonly associated with maternal smoking behaviours (that may dilute any protective effect of breastfeeding on obesity) are excluded. Maternal smoking may not only be a proxy measure of disadvantaged socio-economic status, it may also be related to postnatal environment such as diet and other unhealthy behaviours including postnatal smoking, which is highly correlated with smoking during pregnancy. 28 A recent study suggests that ingestion of tobacco compounds via breast milk is associated with an elevation of child obesity risk. 29 Comparable results from another study conducted in a low socio-economic sample also found breastfeeding to be protective in offspring of nonsmoking mothers.
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Strengths and limitations
A particular strength of this study is that our findings are based on a nationally representative sample of children, which facilitates the generalizability of our results. The total estimated preventable PARF is also generalizable for population health decision making for childhood obesity reduction. Our study is cross-sectional, with prenatal and postnatal information collected retrospectively, but within the context of a general health survey, suggesting that any bias is likely to be non-differential. Several studies have shown that mothers' retrospective recall of birth weight, gestational age, smoking history during pregnancy, and breastfeeding history is both reproducible and accurate for clinical and epidemiological research. 30 One area of particular concern in this study is the comparatively high reported rate of exclusive breastfeeding for 6 months or longer (46%). In contrast, a national survey of Canadian women in 2006 found this rate to be only 14.4%. 31 Whether our results reflect a real improvement of women's breastfeeding practice in Canada, recall bias or the consequence of a comparatively affluent survey sample, requires confirmation. A comparison of the income distribution of the CHMS with other Canadian surveys indicated 10% more high-income households in our data. Notably, our result is comparable with some exclusive breastfeeding rates reported in US studies (35%-40%). 32 Other limitations include the lack of information on dietary intake during childhood that could have confounded the relationships between perinatal and early childhood factors and childhood obesity.
In conclusion, obesity remains prevalent among children of elementary school age. Public health interventions designed to pre- 
